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Overall planning of aero-engine assembly based on improved flower
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Abstract: In view of the problems of complex structure, large number of parts, low assembly
efficiency and high assembly cost of aero-engine, an assembly sequence optimization method based on
improved flower pollination algorithm (IFPA) was proposed. The optimization target evaluation system
was constructed with the influence factors of assembly priority, assembly stability, assembly aggregation,
assembly redirection and basic component position. Different representation schemes, initial population
generation against independent learning, and dynamically adjusted transition probability were adopted,
uniform and elite variation was introduced in global and local pollination rules, and genetic mutation was
added. The effectiveness of IFPA was verified by applying it to the assembly planning of aero-engine low-
pressure compressor, and the parameter influence of IFPA was discussed. And compared with particle

swarm algorithm, genetic algorithm, ant colony algorithm and flower pollination algorithm, the probability
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of finding the optimal sequence increased by 41%, 42%, 41% and 20%, respectively, which verified that

IFPA can solve the assembly sequence planning superiority in question.

Keywords: aero-engine compressor; assembly sequence planning; flower pollination algorithm;

uniform mutation; elite mutation
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Fig. 1 External piping and accessories of aero-engine
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Fig.2 Aero engine core diagram
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X. = (17,14,13,4,7,15,12,6,18,11,5,10,16,8,3,2,9,1)

X' - X. = (4,2,92,5,6,5,11,4,0,3,8,6,6,0,13,4,0)
§=(0,1,1,1,1,1,1,1,0,1,1,0,1,1,1,1,1,0)

6 (X' - X)) = (0,2,9,2,5,6,5,11,0,0,3,0,6,6,0,13,4,0)

X = (2,6,11,12,16,4,3,5,9,1,14,18,15,17,10,7,13,8)

X1 =X +6(X X)) = (2,8,20,14,21,10,8,16,9,1,17,18,21,23,10,20,17.8)

(35

BB B p W E R D T 2 SRy 5 SR TR AR A
27 HE BT AR AR i e LB LA, SN FPA
(9 FUERE J1 o AR ORI I8 A2 3k mh A e A8 JELAR,
TEFE AT — B EACZ T, 247 AR 57>
PSRRI R 2 ], n] UGSk Bk i R i A, f
R 2, SR SERTRE ST . ML G R

AR S B B AR S AR py, AR € [0, 1119 B
BB N T AL MR py, BELESE P ARIR O E, 52
BEATRE, R AL 5 W, e, I, Bk,
3.6 MHERMEZIIASTRRE

AR LR BBt B — R AR R R
SRS SR R PR AR I AN P 3 R, R IR
P BRUNE

SEI1

SRR, Bl PR, 4ER (%
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Fig. 3 Flowchart of improved flower pollination algorithm
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Fig. 4 Aero engine low pressure compressor
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Fig. 5 Explosion diagram of aero engine low

pressure compressor
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D=[(,1,1,1,1,1,1,1,1,1,1,1,1,0,0,0,0,0), (0,0,1,1,1,1,1,1,1,1,1,1,1,0,0,0,0,0),
,0,0,1,1,1,1,1,1,1,1,1,1,0,0,0,0,0), (0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0),
(0,0,0,0,0,1,1,0,0,0,0,0,1,0,0,0,0,0),(0,0,0,0,0,0,1,0,0,0,0,0,1,0,0,0,0,0),
(0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0),(0,0,0,0,1,1,1,0,1,1,1,1,1,0,0,0,0,0),
0,0,0,0,1,1,1,0,0,1,1,1,1,0,0,0,0,0),(0,0,0,0,1,1,1,0,0,0,1,1,1,0,0,0,0,0),
0,0,0,0,1,1,1,0,0,0,0,1,1,0,0,0,0,0), (0,0,0,0,1,1,1,0,0,0,0,0,1,0,0,0,0,0),
(0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0),(0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0),
(0,0,0,0,0,0,0,0,0,0,0,0,1,1,0,0,0,0),(0,0,0,0,0,0,0,0,0,0,0,0,1,1,1,0,0,0),
(0,0,0,0,0,0,0,0,0,0,0,0,1,1,1,1,0,0),(0,0,0,0,0,0,0,0,0,0,0,0,1,1,1,1,1,0)] (38)

B =[(0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0), (0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0),
0,0,0,1,0,0,0,0,0,0,0,0,1,0,0,0,0,0),(2,2,2,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0),
(0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0),(0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0),
(0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0),(0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0),
(0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0),(0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0),
(0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0),(0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0),
0,0,2,2,2,2,2,2,2,2,2,2,0,2,0,0,2,2),(0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,1,0),
(0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0),(0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0, 1,0),
(0,0,0,0,0,0,0,0,0,0,0,0,1,2,2,2,0,2),(0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,1,0)] 39

XA SCHIE A ELE T, SHE T VIR
FhHEn=10, 51528 5 M2 p,=0.05, A=1, FEACIKEL
Nie =500, 515 38 17 B2 pR B H 04 A o A R A
Wi mE) 200, A<y 1G] 18, AT A AL
FE3 R (13, 14, 15, 16, 17, 7, 4, 6, 5, 18, 12, 11, 10,
9,8,3,2, 1), P ERARIET I, RERHE HE
20, H A e T AR (B 7 %) Ay ) 42

x1 REESHEERER

Table 1 Low pressure compressor assembly information

G5 T4 KRTH 50

1 LSRR T3 +z
2 {353 T4 +z
3 551 FESLE T3 +z
4 AEFER T3 +z
5 52 FESME Tl +z
6 ElEES Tl +z
7 %3 BIRAME Tl +z
8 GlpeE)En T2 +z
9 IEHES T2 +z
10 HifH] Pt & T2 +z
11 F ot T2 +z
12 J P A T2 +z
13 T RS Tl -z
14 b SRR IE T4 -z
15 Tk P e T3 -z
16 Atk T3 -z
17 ARl RATE T3 -z
18 YE: T4 -z

(BRI 4 ), %6 Be Fe 3R A 0 244 13, % Bl )7
FUTAT, ARAS Y fe P 7 B2 (B 8.35 (fiise =X (10)
HAT, ARAS I B 038 0 o 8.35 (s =X (10)
25 I A N B SR BT A Fwy = 04,0, = wy =
0.25, wy=0.1) . XFF 500 YIEAC, $E ALk kL 32
AR — S, 2 TR A R R R % 7 I
) —FBCPE T : FE /N 200, 2515 28 SR
REEN 0.1, y KR, WF ERSHE, L
2 e 07 51 0 — BUE N 43% (5T etk 1E 42 4
B 100 RIS I21T) o B 6 B T et
BRI AE 500 YA A sk .

S PERE R PIAS EZESHOR AR K/ N IFPA
B TR ERSEOS s e R R SRR
52, AE FARAS S5 BIREE T ER
100 ¥k, HA5 5 a3k 2 i, #0545 1 T 45 100

30
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b — e R
= 20
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0 100 200 300 400 500

LAY C

K6 JETHUARACH IFPA Y8

Fig. 6 IFPA convergence plot for compressor assembly
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B AT AR B Ee 03 I B A R ESORI o P 3 vy B
M 2 IS5 LA Y, e AR 2 0 30 S 50
AR ANHE R/ 200, IFPA 2B K0 9,

®2 AESHT IFPA HIFMT
Table 2 Effect of different parameters on IFPA

3 ELE TR SRR R LIRSS R, 5 Fh A
BRI D S & SR R AL X G kA T A AU
B, X TR, ARG T S A N R A
T 38 N BB P2 (EL L 100 R M ST 38 17 H g 3k
Ao B M3 o7 B P OB, I 25 8 T AR AR R LB T
JEAIRIRER . BT 3R 3 AT L AT AT LR B,
TEIX 5 AR b, R B L SR [19] 9 AEHR
3 B AR SCHEE M A el E AR A R T AR B TR AT
1) o L 2R T 5 47, HGA iy BB 439018 9.1, 8.85 Fil
8.35. bt B 1 FIUHE AL 1k 4R 3] ) Fe LT 410 XoF s
B3 3 B (E 0 390 °h 13,75 F1 13.35, HFE & AT
T .

R3 STEEX 100 RIFLER

Table 3 100 comparison results of 5 algorithms

SR GA PSO ACO FPA IFPA

T A N {E 13.75 9.1

OGN EE T 1895 1096 1831 923  9.04
FARPIIIAEL 1 2 1 23 43
IR IMEZR % 1 2 1 23 43

1335 8.85 835

FhEEEL EAN FIE W il
1 9.5025 1 8.85
10 9 9.495 1 8.85
18 9.495 2 8.85
1 9.435 4 8.85
20 9 94175 5 8.85
18 9.39 7 8.85
1 9.32 12 8.85
50 9 9.3275 11 8.85
18 9.285 16 8.85
1 9.23 24 8.85
80 9 9.15 20 8.85
18 9.175 20 8.85
1 9.12 31 8.85
150 9 9.075 37 8.85
18 9.0775 33 8.85
1 9.09 39 8.85
200 9 9.04 43 8.35
18 9.0675 40 8.85

42 EEXHESTEE

W AR SC I B AR B2 4 3 (TFPA) 5 3k A E
B M L (FPA) | KB 557 (PSO) | R A 1k
(ACO) Fist e 5 (GA) HEAT L%, X B B3k o
SHEAT T 100 AT 500 kA H

X PR T RE R, R AT B A N 4 )
SR E RN Ew=09, M#EK Fc =2,
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SNBSS SRR R 0.90 FIAE SFAHER 4 0.05.
X T WORE VR, R 3R AR S5 3 0L B 4 1 S 80k
BREERRRE b a=1. BEEEEEERT
B=SHERRELFEE=01, p=02, X T X
HR [19] FOAEFZ R SB35, S AR AR S5 D0 iz 3R FH S
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U A6 A% K A T LAEE 100 WK G2 17 4R #)
43 WAL AE BT 91, A5 4 500 YR % AQ R 21 i
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GA HHEMFIIIRERIE R T 41%. 42% F141%.

F4HNH T S FREAR B S & Bl
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HH L, FPA I IFPA 4% By Y S48 i s P, H IFPA
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Table 4 Comparison of compressor optimal sequences obtained by five algorithms

N N wfl AT AR E R T H A FLR
Bk RT3 ENEM B PR AU RO PR
(13,14,7,6,5,15,12,11,9.8,
GA 4163.102.1.17,18) 13.75 3 19 12 0
(13,14,15,16,7,6,5,12,17,11,
PSO 18.10.98432.1) 9.1 0 20 10 4 0
(13,14,16,6,7,15,5,17,11,18,
ACO 12,10,9,8,4,3,2,1) 13.35 3 20 12 7 0
(13,7,6,4,5,12,14,15,16,11,
FPA 17,18,10.9.83,2,1) 8.85 0 20 9 4 0
(13,14,15,16,17,7,4,6,5,18,
IFPA 12,11,10,9.8,3,2,1) 8.35 0 20 7 4 0
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Fig. 7 Convergence graph of average fitness value of

5 algorithms
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